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[57] ABSTRACT 

A built-in self-repair system includes an on-chip clock 
generator for triggering the repairing process to repair 
defective memory lines or blocks in a memory array of an 
ASIC chip. The on-chip clock generator enables the self- 
repair process to start at the power up of a computer system 
without a need for an external test-triggering signal. The 
system includes a built-in self-test circuit that tests for a 
defective row memory line or a defective VO memory block. 
The system further includes a fault-latching-and repair- 
execution circuit that repairs a row memory line or an I/O 
memory block. Repairing an IO memory block effectively 
repairs faults that occur between any two adjacent column 
shorts within an IO memory block. The preferred repairing 
scheme adopts a 15N diagnosis to achieve high fault cor- 
rection so that a large percentage of defective memory cells 
can be replaced by redundant row memory lines or redun- 
dant I/O memory blocks. The defective row memory lines 
and VO memory blocks are dynamically repaired as each of 
the row memory lines and I/O memory blocks undergoes 
testing to determine if any defective memory cells exist. 

13 Claims, 12 Drawing Sheets 
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BUILT-IN SELF REPAIR SYSTEM FOR least one memory array on an ASIC chip. A series of test 

EMBEDDED MEMORIES signal patterns is applied through the ATE to detect the 

locations of memory failures based upon responsive outputs 
RELATED APPLICATION which are men recorded in the ATE. The next process is one 

The subject matter of this application is related to the 5 fj^^J?* 0 * * US * * /P*?* 

subject matter of co-pending U.S. application entitled v** 2 **™ . of mcmo ?' t0 ^ defc ? ve 
"Method for Repairing an ASIC MemoryVith Redundancy '"T ^ 

Row and Input/Output Lines." Ser. No. 08/598.155 filed on ^Z^ZT^m^ ^™* Tl^Z 

Kb. 7. 1996. which is incorporated herein by reference. ** are ( . fon ? ed oa J* chl P for se,ecUV€ removal through 

r ' io conventioo laser beam techniques to repair a defective 

FIELD OF THE INVENTION memory cell. The final process involves rctesting the chip 

using the ATE to ensure that the chip functions properly after 
The i»esent invention related to the field of application being repaired The repaired chip is then packaged and sent 
specific integrated circuit (ASIC) memories, and more to the customer. 

pardcularly, to systems of perfenning built-in self-repair for 15 S uch techniques for repairing ASIC chips commonly 
embedded memories. burdens a manufacturer to repair defective chips returned 

BACKGROUND OF THE INVENTION *° m USCr f; 1 ^ la ch£ a manufac- 

turer usually performs two tests in sequence. The first test is 

In the semiconductor industry, ASIC memories have performed before repair, and the second test is performed 
gained enormous popularity in integrated circuits (ICs) 20 after repair. This process of repairing is time-consuming and 
designs. ASICs allow custom or semicustom design of ICs costly to a manufacturer. In addition, such repair techniques 
in shorter turn-around time while reducing the total compo- are performed external to a chip, and the chip may be 
nent count and itLanufacturing costs. ASICs employ Libraries mis-handled between and during each process, causing 
of "standard cells" as building blocks to construct the additional defects in the chip. Finally, since repairs are 
desired logic circuits. Standard cells include commonly used 25 performed at a nianufacturer's site, parts that become defec- 
rffogrammable logic arrays, decoders, registers, counters, tive after use are generally discarded even if a repair is 
and other conventional circuits or components. possible. 

An ASIC chip contains single or multiple configurable Although ASIC vendors strive to produce chips which are 
memory arrays with row memory lines intersecting column not prone to memory defects, as a practical matter, memory 
memory lines. A plurality of column lines can be grouped defects do occur for various reasons. Such causes can 
together to form an I/O (input/output) memory block. In happen during the manufacturing process, such as when 
such instance, the memory array contains row memory lines random particles of dust settle on the surface of a memory 
intersecting I/O memory blocks. Each intersecting point cell during processing. As the density of ASIC memories 
between a row memory line and an I/O memory block continue to increases, the likelihood of memory defects also 
represents one memory cell which stores a binary digit of 35 increases at a somewhat linear rate. As a result, defective 
logic h XT or "r. The collection of these memory cells forms ASIC chips slow down manufacturing lines and add extra 
a memory array which serves as a principle building block costs of using ASIC chips. 

for implementing a custom or semicustom ASIC chip. Accordingly, it is desirable to provide a system for 

One pitfall of ASIC designs arises when memory cells fail ^ implementing on-chip repairing schemes for circuit chips 
to retain the correct data caused, for example, by the with redundancy included in the memory array, 
degradation of the cell structure, external abridging defects, 

or other reasons. Degradation of a cell structure can occur SUMMARY OF THE INVENTION 

from extended use of the memory cell. External abridging The present invention overcomes the foregoing problems 
defects can occur during the semiconductor fabrication 45 by providing a built-in self-repair system for embedded 
process from undesirable particles that settle onto a semi- memories. The repairing system resides on a chip to allow 
conductor layer. A single memory cell failure can cause the repairing of defective memories without the need to use 
entire ASIC chip to malfunction, and render the chip unus- external machines. The repairing system is triggered auto- 
able. The defective ASIC chip that contains a defective matically at power up of a computer system from an on-chip 
memory cell must be repaired or replaced to ensure proper x clock generator. The on-chip dock generator transmits a 
functioning of the ASIC chip. triggering signal to the repairing system to detect defective 

Another difficulty arises from packing higher-density memory cells in a memory array. A defective row memory 
building blocks into a ASIC chip. Large memory blocks line is dynamically repaired as the defective row memory 
contain a multitude of row memory lines intersecting I/O line is detected in a memory array. Similarly, defective I/O 
memory blocks. As a memory array increases in size, the 55 memory block is dynamically repaired as the defective I/O 
number of correctly functioning memory arrays decreases memory block is detected. 

proportionally, caused by the increasing likelihood of locat- At power up of a computer system, the on-chip generator 
ing memory cell defects within the larger memory array. In transmits two output signals. The first such output signal 
order to produce such large ASIC memories while main- generated is a single pulse that initializes a fault-latching- 
taining cost control, some methodology of redundancy is 60 and-repair-execution (FLARE) circuit The second output 
desirable in order to maintain the entire memory array in signal generated is a repair clock signal which continues to 
correctly functioning state. cycle for the duration of the repair and retest operations. 

A conventional solution provides repairing schemes that FLARE receives inputs from a built-in self-test (BIST) 
encompass a number of separately performed processes, circuit that verifies the Integrity of row memory lines and I/O 
each of which requires specific equipment that is external to 63 memory blocks in a memory array within an ASIC chip, 
the ASIC memory chip. The first of these processes is Each of the row memory lines is treated as one unit where 
testing. Automatic Test Equipment (ATE) is used to test at BIST circuit provides test results on the total number of 
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defective memory cells detected for a single row memory DETAILED DESCRIPTION OF THE 

line. An I/O memory block comprises at least one column PREFERRED EMBODIMENT 

memory line, but typically includes a plurality of column „ . . # , . . , . , , 

memor^ lines ground together to form an VO memory J^^*?™? °" L ^fJ^J^? ^ 
block. Each of toe VOs is treated as one unit where BIST 5 ^ *^t-u. self^ system 5 for embe<U«l mcmones 
circuit provides test results on the total number of defective V «""'»'« ™ m * e F«w* invenaon The system 5 
memor? cells detected for a particular VO memory block. ^ s 80 ^ d °f f J*™** 10 'J ' bud ! ln 
The BIST circuit provides test results to the FLARE circuit CU \ 8 feultJatc^htng-and-repair-execuuoj! 

which uses the received test results for repairing analysis. 

FLARE analyzes the defect MoraauoTand performs to The on<hip clo^ generator 10 mtutes the buut-jn self- 
repairs of defectiverowmemory lines or VO raemoryblocks l^J??™*, # ^FPFV 
according to a dynamic repair scheme. tngpaot ?«?■» to ^ 12 *?» ? e 
_ . . "T^ . . memory cells in the memory array 18 to locate any defective 
The dynamic repan- scheme performs repairs on the memory whic h fail to retain data correctly. FLARE 
defective row memory lines or I/O memory blocks as soon circuit M repair on a row ^ Me ^ a 
as it is determined that mandatory repair of a defective is j^^ocy-iow u required , perf^ repai / 0II an I/O 
memory bne is necessary. Two types of mandatory repairs memory block j, a rnTndatory-I/Ois requiredRemapper 16 
are performed, including a mandatory-row repair to replace redirects origillal address locatioos of defective 
adefective row memory line and a mandatory-I/O repair to accesses me locadons whicn can rctain vaUd ^ 
replace a defective I/O memory block. These two mandatey Memory array 18 contains a plurality of row memory lines 
sdiemesare applied simultaneously to an ASIC memory for » led to rcdundant row ^ ^ intersec ting a 
each BIST pass. If foe mandatory-row repair is invoked, the plurality of memory blocks coupled to redundant I/O 
address locations of defective row memory lines reroute to memory blocks 

new address locations associated with redundant row „ , . ' . , . , , ^ 

memory lines. Similarly, if the mandatory-VO repair applies. R ^ fem f g " OW to ™- 2 l*? e " shown a P™*** of * e 
the address locations of defective VO blocks reroute to new 25 oa<t> P 6 CMratlon - ^6 °» e pwa-up 49 of an 
address locations associated with redundant I/O memory """-"I [computer system of conventional design (not 
blocks. In situations where both repairs are required, the * £ ^Tf" a P™«-°«™« 

method includes a specific dominant fault mechanism that (P 2 R ? TviV ^V? ™- ?> * hen vohage reaches a 
prefers one mandatory repair scheme over another. For *?* the ; logic operaUons in on<hip 

example, the rnandalory-rowTepair may be designed as the * clock generator 10. FOR circuit SO generates 42 a r^ver-on 
dominant fault mechanism overtfie mandatory-I/O repair. In *V* ^ slgnal wlth a '^N* ""P* T hc 
such situation where both mandatory repairs are concur- ^ m ^ m a P^f"*™-"^' °rcuit 60 
rentiy applicable, the mandatory-row repair is first executed m *> to 8 e °? « e *» \P^*^£°E£? 

in favor of the mandatory-I/O repair. ™* a high-to-low-to-high edge. ThePPOR 

.. , . ' . , , ,< signal provides the necessary signal to trigger a FLARE 

Upon completion of the repair phase a retest of the » reset si ^ m ^ plare to stiS the test and 

memory is performed to ensure that the redundant memory tepair process 

line, which replaced the defect memory line, is not itself , ' . , , . J . 

defective. After the retest phase, the ASIC chip transmits an In FIG. 3. ttiere ,s shown a schernahc (tiagram of the POR 
output signal to indicate that the memory aniy tested either • f 0 ^' 3 ^ es,ste l R,, a resister ^ 

passed or failed the test 40 52 < a W ^ a transist0r S8 - and "•verter 59. 

Resister Rn 54 may include a plurality of NMOS devices 

BRIEF DESCRIPTION OF THE DRAWINGS connected in series. Resister Rpl 56 may contain a plurality 

FIG. 1 is a block diagram of the built-in self-repair system of PMOS devices connected in series. A singular EMOS 
for embedded memories of the present invention. device may operate as resister Rp2 52, and a singular NMOS 

FIG. 2 is a flowgraph of the process of initiating the *s tew* operates as transistor 58. The voltage at a node Vgn 
on-chip clock generator to trigger the FLARE circuit. e( « uates t0 Vdd*Rn/(RirtRp2). The voltage at transistor 58 

HG. 3 is a schematic diagram of a power-on-reset (POR) ^L'^T ¥ T TV^SS^l ^ 
circuit that resides k thTcT-chip clock generator. voltage at node Vout equals to Vdd-<lpd«Rpl). 

HG. 4 is a schematic diagram of a pulse-power-on-reset * is . a , !? ematic . dia 8 ram ^ a PP0R 100 

(PPOR) circuit that resides in the on-chip dock generator. 50 I™* ™ ™ com P nses 8 xt of «P- flo P s 128 13 «- 
FIG. 5 is a block diagram of the illustrated onbodiment PP0R 80 signal POR 104 which 

of the FLARE circuit in'accordance with the present inven- *£g" *! 

tion ^ clear input ports of flip-flops 128 and 130. The clear input 

Jir- ■ i i « . r . A . e ports ensure that flip-flops 128 and 130 are initialized to a 

ih RAPP ablockdttgramof^ 55 Zrcctbm*ry statcTpecmcally with the output of flip-flop 

£d^f^ implemented with two redundant rows 128 ^ X3 0 fonningVtogic value of "0" when POR has a 

J~£ ' A ^ ^ . „ M1 . ^ logic value of t4 0 M . The first clock of flip-flops 128 and 130 

FIGS. 7A-7D are tuning diagrams illustrating the opera- occurs when POR signal 104 asserts to a logic "P. at which 

tions of the FLARE circuit in accordance with the present time the dear input ports disable and generate a positive 

invention. ^ clock ^ ppQ R signal 104 changes t0 a logic « r 

HG. 8 is a flowgraph of tie process of executing FLARE state, PPOR signal 104 enables a clock generator circuit to 

circuit in accordance with the present invention. trigger the clock signal of FLARE 14 which continues to 

FIG. 9 is a schematic diagram of performing row trans- clock flip-flops 128 and 130 until Do=0 and Dl=l, at which 

lation in accordance with the present invention. point STOPN=0 to disable flip-flops 128 and 130 from any 

FIG. 10 is a schematic diagram of performing I/O remap- 65 subsequent clocking, 

ping in the remapper circuit in accordance with the present FIG. 5 is a block diagram of the preferred embodiment of 

invention. FLARE 14 circuit. FLARE 14 circuit contains a row-repair 
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circuit 64, an VO-repair circuit 68, an arbitral or 66. multi- 
columns circuit 62, a plurality of faulty rows 70, 71, and 72, 
and a plurality of faulty VOs 75, 76, and 77. Row-repair 
circuit 64 determines whether it is necessary to repair a row 
memory line, and if it is necessary, the row-repair circuit 64 
generates outputs of FaultyRowl. Faulty Row 2, to identify 
the locations of the corresponding faulty row memory lines. 
Similarly, the I/O-repair circuit 68 determines whether it is 
necessary to repair an VO memory line, and if it is necessary, 
the VO-repair circuit 68 generates outputs of FaultyalOl. 
FaultyI02, to identify the locations of the corresponding 
faulty I/O memory lines. The arbitrator 66 dictates a selected 
priority preference to execute a mandatory-row repair 
scheme before a mandatory-J/O repair, or to execute a 
mandatory-I/O repair scheme before a mandatory-row 
repair. 

The multi-columns circuit 62 selects the targeted column 
within an I/O for FLARE circuit 14 to analyze the validity 
of the memory cells in a particular column. If each of the 
plurality of the FaultyRow 70, 71, and 72 is faulty, the 
corresponding UseRow signal enables to indicate that the 
redundant row has become active due to the memory failures 
at that row memory line, in which the redundant row 
memory line replaces the defective row memory line. 
Similarly, if each of the plurality of the FaultylO 75. 76. and 
77 is faulty, the corresponding UselO signal indicates that 
the detected VO has become inactive due to the memory 
failures at that I/O memory block, and the redundant I/O is 
activated. It should be noted that FLARE circuit 14 may be 
implemented using conventional hardware circuits, or by 
using a hardware language such as VHDL. One scheme for 
implementing FLARE circuit 14 is disclosed in co-pending 
U.S. patent application Ser. No. 087598.155 entitled 
'■Method for Repairing an ASIC Memory with Redundancy 
Row and Input/Output Lines." 

Referring now to FIG. 6. there is shown an alternate 
embodiment of FLARE 14 circuit implemented with two 
redundant rows and I/Os. FLARE circuit 14 in this embodi- 
ment includes a mux-columns circuit 80. a decoder logic 84, 
an I/O-repair circuit 64, a row-repair circuit 68, a combo 
circuit 88, RIOlFaulty circuits 70 and 71. and Rrow faulty 
circuits 75 and 76. A BISR clock signal triggers 10 -repair 
circuit 64 and row-repair circuit 68. FLARE circuit 14 in 
FIG. 5 contains a plurality of input signals and a plurality of 
output signals. The input signals to FLARE circuit 14 
include the following incoming signals: BISRclock. 
BISTclock, IO. Passend, SecondRead, Error. Reset and row. 
The BIST signal triggers Mux Columns 80 and Declogic 84. 
If the IO signal contains a value of zero* there is a bit error 
at that bit location. A Passend signal denotes the end of a 
BIST pass. The SecondRead signal represents the second 
read operation of BIST, The error signal indicates an error at 
that address location if the error signal contains a value of 
zero. The reset signal resets logic states of FLARE circuit 14 
to its initialized state. A row signal indicates the number of 
bits in a row memory line. 

The output signals to FLARE circuit 14 include: Faulty_ 
IOl, Use_I01, Faulty_J02, Use_J02, FaultyRowl, 
Use-Row 1, Faulty_Row2, and Use_Jfcow2. The Faulty 
IOl denotes the address location of the first IO memory 
block. The Use _I01 enables to indicate that the first redun- 
dant IO memory block is in use. In addition, the Faulty _I02 
denotes the address location of the second redundant IO 
memory block. The Use _J02 enables to indicate that a 
second redundant IO memory block is in use. Similarly, the 
Faulty_Jtowl represents the address location of the first 
redundant row memory line. The Use_Rowl signal is 



6 

asserted to indicate the first redundant row memory line is in 
use. In addition, the Faulty __Row 2 represents the address 
location of the second redundant row memory line. The 
Use_Row2 signal is asserted to indicate the first redundant 

5 row memory line is in use. 

FIGS. 7A-7D are timing diagrams illustrating the opera- 
tions of FLARE circuit 14. These figures show the occur- 
rence of two mandatory-row repair operations. In each 
figure. faulty_J01 and faulty_J02 signals point to the 

10 current IO being analyzed unless the accompanying use_ 
IOl or use_J02 signal is asserted indicating that a replace- 
ment has occurred. Similarly. faulty_rowl and faulty _row2 
signals point to the current row being test unless use _rowl 
or use_row2 is asserted indicating a replacement has 

15 occurred. When use_rowl or use_row2 is asserted, the 
value of faulty_rowl will be latched. FIG. 7A is a timing 
diagram illustrating the logic states of various signals when 
there are no errors detected in memory array 18. as indicated 
by the IO value FFFFFFFF whose binary representation 

20 contains no binary "0s M . where a "0" indicates an error at a 
particular IO location. The error signal indicators. use_jowl 
and use _xow2 are all in the unasserted state, a logic "high" 
state for error and logic "low" state for use_rowl and 
use _row2. FIG. 7B illustrates the occurrence of an error as 

2s indicated by error being asserted to a "low** logic state and 
the IO value of 7FFEFFFE. The binary representation of 
7FFEFFFE translates to "0111. 1111. 1111, 1110. 1111, 
1111. 1111. and 1110". which contains three "0s w indicating 
three defective cells within the current row. FIG. 7C illus- 

30 trates that after all IO locations of the current row have been 
analyzed, the use„rowl signal is asserted and faulty^rowl 
latches the location of the defective row due to a row-must- 
repair decision. Similarly. FIG. 7D illustrates a row-must- 
repair on a different row that has four defective cells as 

35 indicated by the IO value DF77DFFF. The signal use_j*ow 
becomes asserted and faulty _row2 latches the defective row 
location. 

FIG. 8 illustrates the process of executing the built-in 
self-repair system 5 of FIG. 1. At power up of the system 5, 

40 on-chip clock generator 10 generates 20 a signal to trigger 
FLARE circuit 14 to start the repairing process. The repair- 
ing process begins with performing 22 a first BIST run 
through the memory array 18. A BIST run comprises mul- 
tiple BIST passes. A BIST pass comprises testing and 

45 FLARE 14 circuit analysis with necessary repairs of the 
entire memory array 18 once, by which FLARE 14 circuit 
analyzes all the row memory lines and VO memory blocks 
to generate the address locations of defective memory lines 
or blocks. A second BIST run is performed 26 to ensure that 

50 none of the redundant memory lines themselves are 
defective, and that memory array 18 does not contain more 
defective cells than redundant resources available. If no 
errors are found, then the repairing process is completed 32. 
However, if additional errors are located in the redundant 

55 memory lines, then the memory array 18 remains in the 
failure state. 

Referring now to FIG. 9, there is shown a schematic 
diagram of a row translation circuit 140 that resides in 
remapper circuit 16. Row translation circuit 140 comprises 

60 a comparator 142. a multiplexer 144. and at least one AND 
gate 146. Comparator 142 receives an input address 
ADDRin and a defective address ADDRdef to determine if 
ADDRin matches with ADDRdef. If the contents of 
ADDRin and ADDRdef match, the multiplexer 144 acti- 

65 vates the at least one AND gate 146 to indicate that the 
redundant row address ADDrow is enabled. Conversely, if 
the contents of ADDRow and ADDRout are different, then 
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multiplexer 144 selects the ADDRin address as the output 
address ADDRout. so that the original address is passed 
through unchanged. 

Furthermore, remapper circuit 16 of FIG. 1 includes an 
I/O remapping circuit 150, for mapping defective VO 5 
memory blocks to redundant I/O memory blocks. VO 
remapping circuit 150 includes a multiplexer 160, and 
de-multiplexers 162 and 164. Multiplexer 160 selects 
between a normal I/O block 152. redundant VO blocks 154. 
155. and 156 as the signal source to generate the output 10 
signal DO. De-multiplexer 162 receives data DI for routing 
DI to one of the I/O memory blocks 152, 154. 155, and 156. 
Similarly, de-multiplexer 164 receives the write enable WE 
signal for routing WE signal to one of the 10 memory blocks 
152, 154, 155. and 156. IO remapper circuit 160 is con- 15 
trolled by outputs UselO and FaultylO generated by FLARE 
circuit 14. 

We claim: 

1. An on-chip self repair system, comprising: 

a memory array for storing data, the memory array 20 
including a plurality of row memory lines, and a 
plurality of VO memory blocks, a first I/O memory 
block from the plurality of VO memory blocks includ- 
ing at least two column lines, the memory array further 
including a plurality of redundant row memory lines 25 
and a plurality of redundant VO memory blocks, a first 
redundant VO memory block corresponding to the first 
I/O memory block; 

a test circuit, coupled to the memory array, for applying 
a fault detecting test to the memory array, each detected 30 
fault having an address that corresponds to a row 
memory line and an VO memory block in the memory 
array; 

a repair circuit, coupled to the test circuit, for dynamically 
repairing defective row memory lines with redundant 35 
row memory lines and defective VO memory blocks 
with redundant VO memory blocks dependent upon the 
location of detected faults; whereby the first redundant 
I/O memory block can be used to repair the first VO 
memory block when the test circuit detects a fault in the 
first I/O memory block; and 

an on-chip clock generator, coupled to the test circuit, for 
generating a signal to trigger the fault detecting test 

2. The on-chip self repair system of claim 1. further 
comprising: 

a remapping circuit, coupled to the repair circuit for 
remapping the addresses of row lines and VO memory 
blocks that have been determined to include defects to 
redundant row lines and VO memory blocks. ^ 

3. The on-chip self repair system of claim 2, wherein the 
repair circuit comprises: 

a row repair circuit for determining whether to repair 
memory row lines which have been determined to 
include a defect; S5 

an VO repair circuit for determining whether to repair VO 
memory blocks which have been determined to include 
a defect; and 

an arbitrator, coupled to the row repair circuit and the VO 
repair circuit for implementing a priority scheme used 60 
in the determination of whether to repair memory row 
lines and I/O memory blocks. 

4. The on-chip self repair system of claim 3. wherein the 
fault detecting test used by the testing circuit is a 1SN testing 
algorithm, 65 

5. The on-chip self repair system of claim 3. wherein the 
priority scheme implemented by the arbitrator Is a manda- 
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tory VO memory block repair scheme, whereby the arbitra- 
tor determines that the first redundant VO memory block is 
used to replace the first I/O memory block .when a fault 
address corresponds to the first I/O memory block and a first 
memory row line. 

6. The on-chip self repair system of claim 3. wherein the 
priority scheme implemented by the arbitrator is a manda- 
tory memory row line repair scheme, whereby the arbitrator 
determines that a first redundant memory row line is used to 
replace a first memory row line when a fault address 
corresponds to the first I/O memory block and the first 
memory row line. 

7. The on-chip self repair system of claim 3, wherein the 
on-chip clock generator provides the signal to trigger the 
repair circuit at system power up. and. subsequent to a first 
test and repair sequence, a second test is applied by the test 
circuit to determine whether the repaired memory array 
includes any faults. 

8. An on-chip self repair system, comprising: 
memory array including a plurality of memory row lines, 

a plurality of VO memory blocks, a plurality of redun- 
dant row memory lines; and a plurality of redundant 
I/O memory blocks; 

a test circuit, coupled to the memory array, for applying 
a fault detecting test to the memory array, each detected 
fault having an address that corresponds to an affected 
row memory line and an affected VO memory block in 
the memory array; 

a repair circuit, coupled to the test circuit for repairing 
defective row memory lines with redundant row 
memory lines and for repairing defective I/O memory 
blocks with redundant VO memory blocks, the repair 
circuit comprising: 

a row repair circuit, for determining whether to repair 
memory row lines which have been determined to 
include a defect; 

an I/O repair circuit for determining whether to repair 
VO memory blocks which have been determined to 
include a defect; and 

an arbitrator, coupled to the row repair circuit and the 
VO repair circuit, for implementing a priority 
scheme for determining whether to repair an affected 
memory row line or an affected VO memory block 
when the address for a detected fault corresponds to 
both the affected memory row line and the affected 
I/O memory block; and 

a remapping circuit, coupled to the repair circuit, for 
remapping the addresses of row lines and I/O 
memory blocks that have been determined to include 
defects to redundant row lines and I/O memory 
blocks. 

9. The on-chip self repair system of claim 8, further 
comprising: 

an on-chip clock generator, coupled to the test circuit for 
producing a signal that triggers the fault detecting test 
upon system power up. 

10. The on-chip self repair system of claim 9. wherein the 
fault detecting test is repeated after the memory array is 
repaired in order to verify the integrity of the repair. 

11. The on-chip self repair system of claim 8, wherein the 
remapping circuit comprises a row translation circuit com- 
prising: 

a comparator, for determining whether an input address 

matches a defective address; and 
logical circuitry, coupled to the comparator and the 

memory array, for outputting a redundant address for 
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the defective address when the input address matches 
the defective address, and for outputting the input 
address when the input address does not match the 
defective address. 
12. For use with an on-chip self repair system including 5 
a memory array with a plurality of memory row lines, a 
plurality of I/O memory blocks, a plurality of redundant row 
memory lines, and a plurality of redundant I/O memory 
blocks, a method of repairing the memory array using 
redundant circuitry, the method comprising the steps of: 10 
using an on-chip clock generator to produce a signal that 
triggers a fault detecting test upon system power up; 
applying a fault detecting test to the memory array, each 
detected fault having an address that corresponds to an 
affected row memory line and an affected I/O memory 15 
block in the memory array; and 
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replacing defective row memory lines with redundant row 
memory lines and replacing defective I/O memory 
blocks with redundant VO memory blocks using a 
priority scheme that determines whether to repair an 
affected memory row line or an affected I/O memory 
block when the address for a detected fault corresponds 
to both the affected memory row line and the affected 
I/O memory block; and 

remapping the addresses of row lines and I/O memory 
blocks that have been determined to include defects to 
the redundant row lines and I/O memory blocks. 

13. The method of claim 12. further comprising: 

after the replacing step, applying the fault detecting test 
again to determine the integrity of the replacement. 

***** 



10/08/2002, EAST version: 1.03.0002 



